Suppressive effects of acetone extract from the stem bark of three Acacia species on nitric oxide production in lipopolysaccharide-stimulated RAW 264.7 macrophage cells  by Sowndhararajan, Kandhasamy et al.
HOSTED BY Contents lists available at ScienceDirect
Asian Pac J Trop Biomed 2016; 6(8): 658–664658Asian Paciﬁc Journal of Tropical Biomedicine
journal homepage: www.elsevier.com/locate/apjtbOriginal article http://dx.doi.org/10.1016/j.apjtb.2016.06.005*Corresponding author: Jin-Woo Jhoo, Professor, Department of Animal
Products and Food Science, Kangwon National University, Chuncheon 24341,
Gangwon, Republic of Korea.
Tel: +82 33 250 8649
Fax: +82 33 251 7719
E-mail: jjhoo@kangwon.ac.kr
Foundation project: Supported in part by the Ministry of Trade, Industry and
Energy, Korea Institute for Advancement of Technology (KIAT) through the Inter-ER
Cooperation Project (Project No. R0000474).
Peer review under responsibility of Hainan Medical University. The journal
implements double-blind peer review practiced by specially invited international
editorial board members.
2221-1691/Copyright © 2016 Hainan Medical University. Production and hosting by Elsevier B.V. This is an open access
creativecommons.org/licenses/by-nc-nd/4.0/).Suppressive effects of acetone extract from the stem bark of three Acacia species on
nitric oxide production in lipopolysaccharide-stimulated RAW 264.7 macrophage
cellsKandhasamy Sowndhararajan1, Rameshkumar Santhanam2, Sunghyun Hong3, Jin-Woo Jhoo3*, Songmun Kim11Department of Biological Environment, Kangwon National University, Chuncheon 24341, Gangwon, Republic of Korea
2Laboratory of Natural Products, Institute of Bioscience, Universiti Putra Malaysia, Serdang, Selangor 43400, Malaysia
3Department of Animal Products and Food Science, Kangwon National University, Chuncheon 24341, Gangwon, Republic of
KoreaARTICLE INFO
Article history:
Received 11 Feb 2016
Received in revised form 9Mar 2016
Accepted 23 Apr 2016
Available online 11 Jun 2016
Keywords:
Acacia
Anti-inﬂammatory
Nitric oxide
Macrophage
RAW 264.7 cellABSTRACT
Objective: To compare the inhibitory effects of acetone extracts from the stem bark of
three Acacia species (Acacia dealbata, Acacia ferruginea and Acacia leucophloea) on
nitric oxide production.
Methods: The lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells were
used to investigate the regulatory effect of acetone extracts of three Acacia stem barks on
nitric oxide production and the expression of inducible nitric oxide synthase,
cyclooxygenase-2 and tumor necrosis factor-a. Further, the phenolic proﬁle of acetone
extracts from the Acacia barks was determined by liquid chromatography-mass spec-
trometry/mass spectrometry analysis.
Results: All the three extracts signiﬁcantly decreased LPS-induced NO production as
well as the expression of inducible nitric oxide synthase, cyclooxygenase-2 and tumor
necrosis factor-a in a concentration dependent manner (25, 50 and 75 mg/mL). In the
liquid chromatography-mass spectrometry/mass spectrometry analysis, acetone extract of
Acacia ferruginea bark revealed the presence of 12 different phenolic components
including quercetin, catechin, ellagic acid and rosmanol. However, Acacia dealbata and
Acacia leucophloea barks each contained 6 different phenolic components.
Conclusions: The acetone extracts of three Acacia species effectively inhibited the NO
production in LPS-stimulated RAW 264.7 cells and the presence of different phenolic
components in the bark extracts might be responsible for reducing the NO level in cells.1. Introduction
Inﬂammation is the normal physiological and beneﬁcial host
response to tissue injury caused by foreign agents (physical or
noxious chemical stimuli or microbiological toxins) that even-
tually leads to the restoration of normal tissue structure andfunction [1]. Macrophages play a key role in the immune system
by releasing various pro-inﬂammatory cytokines and mediators
such as interleukin (IL)-6, IL-1b, tumor necrosis factor (TNF)-a,
nitric oxide (NO), inducible nitric oxide synthase (iNOS),
cyclooxygenase (COX)-2 and prostaglandin E2 (PGE2) in
response to various harmful stimuli [2,3]. Among them, NO is
produced enormously in macrophages by the iNOS.
Prostaglandin is also an important pro-inﬂammatory mediator,
and produced from arachidonic acid by COX-1 and 2 enzymes
[4]. Under normal physiological conditions, the short-lived
biomolecule, NO mediates many biological functions such as
host defense, platelet aggregation, vasoregulation, and neuro-
transmission [5]. However, excessive production of NO and
other mediators has been concerned in the development of
many diseases, such as arthritis, asthma, multiple sclerosis,
inﬂammatory bowel disease, and atherosclerosis [6,7].article under the CC BY-NC-ND license (http://
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in lipopolysaccharide (LPS)-stimulated macrophage cell line is
an effective therapeutic strategy for the development of novel
anti-inﬂammatory agents.
In recent times, phenolic components from plants have
attracted much attention because of their large distribution
with a variety of biological properties [8]. The genus Acacia
belongs to the family of Mimosaceae, comprises more than
1350 species, and mainly occurs in tropical and some
temperate countries including Australia, Africa, India and
America. In the traditional systems of medicine, different
parts of Acacia plants are widely used as indigenous drugs
to treat various ailments [9]. The acetone and methanol
extracts from the bark of Acacia leucophloea
(A. leucophloea), Acacia ferruginea (A. ferruginea), Acacia
dealbata (A. dealbata), and Acacia pennata showed
remarkable antioxidant properties [10]. Sowndhararajan et al.
[11] reported that the acetone extract from the stem bark of
A. leucophloea, A. ferruginea and A. dealbata signiﬁcantly
up-regulated the expression of antioxidant enzymes (super-
oxide dismutase, glutathione peroxidase and catalase) in
hydrogen peroxide-induced human hepatoma (HepG2) cells.
In Indian traditional systems of medicine, the stem bark of
A. leucophloea is used to treat a variety of disorders including
inﬂammation, bronchitis, wounds, ulcers, diarrhea, intermit-
tent fevers, leprosy, toothache, etc. The bark of A. ferruginea
is used traditionally for the treatments of itching, leucoderma,
ulcers, stomatitis, and diseases of the blood. The bark of
A. dealbata produces a gum, resembling gum arabic, which is
used to treat bronchial disorders [10,11]. Sowndhararajan and
Kang investigated the effect of ethyl acetate fraction from
the acetone extract of A. ferruginea stem bark on ethanol-
induced gastric ulcer in rats [12]. With this background, the
present study was carried out to investigate anti-
inﬂammatory potential of acetone extract from the stem
bark of A. leucophloea, A. ferruginea and A. dealbata by
measuring its ability to inhibit NO production and expression
of iNOS, COX-2 and TNF-a in LPS-simulated RAW 264.7
cells.
2. Materials and methods
2.1. Chemicals
3-[4,5-Dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bro-
mide (MTT), penicillin–streptomycin solution and lipopolysac-
charide (LPS) were purchased from Sigma–Aldrich (St. Louis,
MO, USA). Dulbecco's modiﬁed Eagle's medium (DMEM),
fetal bovine serum (FBS) and phosphate buffered saline were
from HyClone Laboratories, Inc. (South Logan, UT, USA).
RNeasy Mini kit and SYBR green master mix were purchased
from Qiagen-GmbH (Hilden, Germany). SuperScript III First-
Strand synthesis system was purchased from Invitrogen (Carls-
bad, CA, USA). All other reagents were of the highest available
purity analytical grade.
2.2. Plant materials and preparation of extracts
Fresh stem barks of A. leucophloea, A. ferruginea and
A. dealbata were collected from Coimbatore, Tamil Nadu state,India. The authenticated plant specimens were deposited in the
Botany Herbarium, Bharathiar University with voucher numbers:
BUBH-6140, BUBH-6141, and BUBH-6142, respectively [10].
The air-dried and powdered bark samples were extracted with
petroleum ether (for disposing lipid and pigments), followed by
acetone using Soxhlet apparatus. Each extract was then ﬁltered
before being dried by rotary evaporation (RE300, Yamato,
Tokyo, Japan) at 50 C and the remaining water was removed by
lyophilization (4KBTXL-75, VirTis Benchtop K, NY, USA).
2.3. Cell culture
The murine macrophage RAW 264.7 cell line was purchased
from American Type Culture Collection (Manassas, VA, USA)
and maintained in DMEM supplemented with 10% FBS, 100 g/
L streptomycin, and 100 IU/mL penicillin at 37 C in a 5% CO2
atmosphere (HERAcell 150, Thermo Electron Corp. Waltham,
MA, USA).
2.4. MTT cell viability assay
Cell viability of RAW 264.7 cells was determined by MTT
assay. Brieﬂy, RAW 264.7 cells were seeded at the density of
5 × 104 cells/well in 96-well culture plates and incubated for
24 h (at 37 C and 5% CO2), followed by the pre-treatment with
different concentrations of the extracts (0–100 mg/mL). Twenty
four hours later, after changing the medium, MTT was added to
a ﬁnal concentration of 0.5 mg/mL, and the cells were incubated
for 4 h. The medium was then removed and the formazan pre-
cipitate was solubilized in dimethyl sulfoxide. The absorbance
was measured at 550 nm on a microplate reader (Biotek,
Winooski, VT, USA).
2.5. Inhibition of NO production
NO production was determined by measuring the level of
nitrite in the culture supernatant of RAW 264.7 cells. The RAW
264.7 cells were seeded at a density of 5 × 105 cells/well in 24
well plates for 12 h at 37 C and 5% CO2. Then, the cells were
treated with different concentrations of acetone extracts of
Acacia barks (12.5–75.0 mg/mL, prepared in FBS-free
DMEM). After 1 h treatment, cells were stimulated with
1 mg/mL of LPS for 24 h. The presence of nitrite was deter-
mined in cell culture media using commercial NO detection kit
(iNtRON, Sungnam, South Korea). Brieﬂy, 100 mL of cell
culture medium with an equal volume of Griess reagent in a 96-
well plate was incubated at room temperature for 10 min. Then
the absorbance was measured at 540 nm in a microplate reader
(Biotek, Winooski, VT, USA). The amount of nitrite in the
media was calculated from sodium nitrite (NaNO2) standard
curve.
2.6. RNA isolation and ﬁrst-strand cDNA synthesis
Total cellular RNA was isolated from cells by using a com-
mercial kit (RNeasy Mini kit, Qiagen) as described by the manu-
facturer. An amount of 1 mg of total RNA was reverse-transcribed
using oligo (dT) and SuperScript III reverse transcriptase (Invi-
trogen, Carlsbad, CA, USA). Complementary DNA (cDNA)
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structions, and the resulting cDNA was stored at −20 C.
2.7. Quantiﬁcation of mRNA levels by real-time PCR
Using cDNAs as the template, quantitative real-time PCR
was carried out using the SYBR Green PCR Master Mix
(Qiagen) in a real-time PCR (Rotor-gene Q, Qiagen), accord-
ing to the manufacturer's instructions, using speciﬁc oligonu-
cleotide primers for iNOS, COX-2 and TNF-a (Table 1). b-
Actin cDNA was used as an internal control. A dissociation
cycle was performed after each run to check for non-speciﬁc
ampliﬁcation or contamination. After initial denaturation
(95 C for 5 min), 40 PCR cycles were performed using the
following conditions: 95 C, 5 s; 60 C, 10 s at the end of PCR
reaction, samples were subjected to a temperature ramp (from
60 to 95 C, 1 C/s) with continuous ﬂuorescence monitoring.
For each PCR product, a single narrow peak was obtained by
melting curve analysis at speciﬁc temperature [13]. Analysis
was performed with relative quantiﬁcation software (Rotor-
Gene Q series 2.0.3 software). The expression of iNOS,
COX-2 and TNF-a activity was expressed as percentages of
the control (100%).Table 1
Sequences of PCR primers used for quantitative real-time PCR.
Gene Primer Sequence
iNOS Sense 50-GAAGCTGAGGCCCAGGAGGA-30
Antisense 50-GAACAAGGTGGCCAGGTCCC-30
COX-2 Sense 50-CATCCCCCTCCTGCGAAGTT-30
Antisense 50-TCTGCTACGGGAGGAAGGGC-30
TNF-a Sense 50-GATCGGTCCCCAAAGGGATG-30
Antisense 50-TCAGCCACTCCAGCTGCTCC-30
b-Actin Sense 50-CTGGTCGTCGACAACGGCTC-30
Antisense 50-TCTTGCTCTGGGCCTCGTCA-30
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Figure 1. The effect of acetone extracts of stem bark of Acacia species on
the cell viability of RAW 264.7 cells.
ADA: A. dealbata; ALA: A. leucophloea; AFA: A. ferruginea. Values are
mean ± SD (n = 3).2.8. Liquid chromatography-mass spectrometry (LC-
MS) analysis of acetone extracts
The phenolic proﬁle of acetone extracts from the stem bark
of Acacia species was identiﬁed by LC-MS/MS method using
the instrument Perkin Elmer Flexar FX15 UPLC coupled to AB
Sciex 3200 QTRAP hybrid trap triple quadrupole mass spec-
trometer (MA, USA). The negative ion mass spectra were ob-
tained with LC QTrap MS/MS detector in full ion scan mode
(100–1500 m/z for full scan and 50–1200 m/z for MS/MS scan)
at a scan rate of 0.5 Hz. The system was supported with mass
spectrometry software and a spectral library provided by
Advanced Chemistry Development labs (Toronto, ON, Canada).
Analyte separation was performed on a Agilent Zorbax C18
(150 mm × 4.6 mm × 5 mm) with a gradient mobile phase
consisting of water (solvent A) and methanol with 1% aceto-
nitrile (solvent B), each containing 0.1% formic acid and
5 mmol/L ammonium formate. The gradient program was 10%
solvent B to 90% solvent B from 0.01 min to 8.0 min, held for
3 min and back to 10% B in 0.1 min and re-equilibrated for
5 min at a ﬂow rate of 0.4 mL/min. The sample injection volume
was 20 mL. All chromatographic procedures were performed atambient temperature, and the corresponding peaks from the
QTrap LC-MS/MS analysis of all the samples were identiﬁed by
comparison with the literature/Advanced Chemistry Develop-
ment labs mass spectral library.
2.9. Statistical analysis
The values expressed were means of three replicate
determinations ± SD. All statistical analyses were performed
using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) software
package. The statistical analysis was carried out by ANOVA
followed by Tukey's test. Statistical signiﬁcance was deﬁned as
P < 0.05.
3. Results
3.1. Inhibition of NO production in LPS-stimulated RAW
264.7 cells
To determine the cytotoxic concentrations of acetone ex-
tracts of Acacia barks, MTT assay was evaluated. The viability
of RAW 264.7 cells was not signiﬁcantly decreased by 24 h
incubation with up to 75 mg/mL (cell viability > 90%) of
acetone extracts (Figure 1). Based on the results, the concen-
trations of acetone extracts of Acacia barks, 12.5, 25.0, 50.0,
and 75.0 mg/mL were selected for further experiments.
Figure 2 shows the effect of acetone extracts of Acacia barks
on NO production stimulated by LPS in RAW 264.7 cells. In
un-stimulated RAW 264.7 cells, the nitrite level was at base-
line [(0.56 ± 0.10) mmol/L]. However, the level of nitrite in the
LPS-stimulated cells was signiﬁcantly higher (88.33 mmol/L).
When compared to LPS control, the pre-treated cells stimu-
lated with LPS released a lower level of NO in the culture
medium. All the three acetone extracts signiﬁcantly inhibited
(P < 0.05) the nitrite accumulation in LPS-stimulated RAW
264.7 cells in a concentration dependent manner, suggesting
the presence of NO inhibitory components in the acetone ex-
tracts. Among the three Acacia species, A. leucophloea and
A. ferruginea signiﬁcantly reduced the nitrite level to 29.43
and 28.01 mmol/L (at 75.0 mg/mL), respectively. The IC50
values of acetone extracts of A. dealbata, A. leucophloea and
A. ferruginea were 84.63, 55.83 and 51.87 mg/mL,
respectively.
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Figure 4. Effect of different concentrations (25, 50 and 75 mg/mL) of
acetone extracts of stem bark of Acacia species on COX-2 activity in LPS-
stimulated RAW 264.7 cells.
ADA: A. dealbata; ALA: A. leucophloea; AFA: A. ferruginea. Values are
mean ± SD (n = 3). Bars having different letters are signiﬁcantly different
(P < 0.05).
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Figure 5. Effect of different concentrations (25, 50 and 75 mg/mL) of
acetone extracts of stem bark of Acacia species on TNF-a activity in LPS-
stimulated RAW 264.7 cells.
ADA: A. dealbata; ALA: A. leucophloea; AFA: A. ferruginea. Values are
mean ± SD (n = 3). Bars having different letters are signiﬁcantly different
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Figure 2. Inhibitory effect of acetone extracts of stem bark of Acacia
species on NO production in LPS-stimulated RAW 264.7 macrophages.
CON: Control; LPS: LPS control; ADA: A. dealbata; ALA: A. leucophloea;
AFA: A. ferruginea. Values are mean ± SD (n = 3). **: P < 0.01 compared to
vehicle control; bars having different letters are signiﬁcantly different
(P < 0.05, compared to LPS control).
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TNF-a expression
The macrophage RAW 264.7 cells were treated with different
concentrations of acetone extracts (25, 50 and 75 mg/mL) to
determine the expression of pro-inﬂammatory mediators stimu-
lated by LPS. As depicted in Figures 3–5, the un-stimulated
RAW 264.7 cells expressed very low mRNA levels of iNOS,
COX-2 and TNF-a. Whereas mRNA expressions were strongly
expressed after the RAW 264.7 cells were stimulated with LPS
(1 mg/mL). However, pre-treatment with acetone extracts from
all the three Acacia species signiﬁcantly (P < 0.05) suppressed
the expression of iNOS, COX-2 and TNF-a in LPS-stimulated
RAW 264.7 cells. All the three Acacia extracts effectively
suppressed the expression of iNOS (70.67%–81.00%), COX-2
(70.00%–80.67%) and TNF-a (67.66%–76.67%) at the con-
centration of 75 mg/mL.(P < 0.05).
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Figure 3. Effect of different concentrations (25, 50 and 75 mg/mL) of
acetone extracts of stem bark of Acacia species on iNOS activity in LPS-
stimulated RAW 264.7 cells.
ADA: A. dealbata; ALA: A. leucophloea; AFA: A. ferruginea. Values are
mean ± SD (n = 3). Bars having different letters are signiﬁcantly different
(P < 0.05).3.3. Phenolic proﬁle of acetone extracts using LC-MS/
MS analysis
In the LC-MS/MS analysis, acetone extract of A. ferruginea
bark was found to contain higher number of components (12)
than other two species. As shown in Tables 2–4, there were 6
(caffeoyl glucose, procyanidin B1, ellagic acid, ellagic acid
isomer, rosmanol and an unknown component), 6 (mainly
proanthocyanidin derivatives, epiafzelechin–epicatechin and
ellagic acid) and 12 (including catechin, procyanidin B1, quer-
cetin, ellagic acid, rosmanol) components detected by LC-MS/
MS analysis from the acetone extracts of A. dealbata,
A. leucophloea and A. ferruginea barks, respectively. The mo-
lecular mass and fragments of the identiﬁed components are
presented in Tables 2–4. Among the components, ellagic acid
has been detected from all the three Acacia species. In addition,
the component rosmanol was detected in A. dealbata and
A. ferruginea.
Table 2
Phenolic proﬁle of acetone extract from the stem bark of A. dealbata.
Peak Tentative identiﬁcation Retention time (min) Molecular mass MS/MS fragments (m/z) References
1 Caffeoyl glucose 0.479 342 179, 135, 58 [14]
2 Procyanidin B1 1.200 577 407, 289, 245, 161 [15]
3 Ellagic acid 2.159 302 284, 255, 229, 185 [16]
4 Ellagic acid isomer 2.759 302 284, 255, 229, 185 [16]
5 Unknown 4.940 346 189, 132 –
6 Rosmanol 5.521 346 301, 175, 148, 136, 119, 106 [17]
Table 3
Phenolic proﬁle of acetone extract from the stem bark of A. leucophloea.
Peak Tentative identiﬁcation Retention time (min) Molecular mass MS/MS fragments (m/z) References
1 Epiafzelechin–epicatechin 0.480 561 543, 289, 245, 161 [18]
2 Procyanidin dimer B4 0.959 577 425, 407, 289 [19]
3 Proanthocyanidin derivatives 1.060 642 561, 289, 245, 205, 158 [20]
4 Proanthocyanidin derivatives 1.670 764 562, 543, 289, 245, 206, 159 [20]
5 Epiafzelechin–epiafzelechin–epicatechin 1.950 833 561, 543, 289, 271, 161 [18]
6 Ellagic acid 3.600 301 284, 229, 185 [21]
Table 4
Phenolic proﬁle of acetone extract from the stem bark of A. ferruginea.
Peak Tentative identiﬁcation Retention time (min) Molecular mass MS/MS fragments (m/z) References
1 Unknown 0.719 205 161, 114, 98, 71 –
2 Catechin 1.318 290 245, 205, 179, 137, 123, 108 [15]
3 Procyanidin B1 1.198 577 407, 289, 245, 161 [15]
4 Quercetin 1.678 302 179, 149, 122, 93 [15]
5 3-O-methylquercetin 1.910 316 300, 271, 255, 243 [22]
6 Genistein 2.519 270 269, 195, 133 [23]
7 Dihydroxy chalcone compound 2.880 271 135, 119 [23]
8 Ellagic acid 4.203 302 301, 255, 201, 173 [16]
9 Feruloylquinic acid 4.805 367 191, 134 [24]
10 N-feruloylglycine 5.646 251 249, 205, 191, 177, 149 [25]
11 N-feruloylglycine isomer 5.887 251 250, 206, 192, 178, 149 [25,26]
12 Rosmanol 6.128 346 301, 175, 133, 119 [17]
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The present study was undertaken to elucidate the anti-
inﬂammatory potential of three different Acacia species
(A. dealbata, A. leucophloea and A. ferruginea). Previously,
many studies have reported that the inhibition of NO production
in LPS-stimulated RAW 264.7 macrophage cell line provides an
outstanding strategy for screening the anti-inﬂammatory drugs
[4,27,28]. In general, phenolic components from natural products
have been demonstrated to elicit potent anti-inﬂammatory
properties [29]. Therefore, we prepared phenolic-rich acetone
extracts from Acacia barks to test their effect on the production
of NO in the LPS-stimulated RAW 264.7 cells [10]. The RAW
264.7 cells were activated by LPS, and NO production was
measured as nitrite concentration in the culture supernatant
using Griess reagent [27]. The inhibitory effect of these Acacia
extracts on NO production was not due to cell toxicity
(viability > 90%) as determined in MTT cell viability assay
(Figure 1).
In our earlier study, acetone and methanol extracts of barks of
A. leucophloea, A. ferruginea, A. dealbata, and Acacia pennata
registered higher level of total phenolic and ﬂavonoid contents
[10]. Further, the acetone extracts of barks showed higher
antioxidant and free radical scavenging activities thanmethanol extracts. In addition, melanoxetin from the
heartwood of Acacia confusa (A. confusa) markedly
suppressed LPS-induced NO and PGE2 productions [30].
Similar to our report, the barks from the stem and root of
A. confusa exhibited excellent antioxidant activity [31].
Previously, Yang et al. [32] studied the effect of 260 alcoholic
extracts from Jeju plants on inhibitory activity against NO
production in LPS-stimulated macrophages. Out of 260 ex-
tracts, 122 extracts exhibited potent inhibitory activity against
NO production by more than 25% (at 100 mg/mL). NO is a
signaling molecule involved in inﬂammation via iNOS upre-
gulation. Therefore, the inhibitory activity of plant extracts on
NO production may be due to the suppression of iNOS
expression [1,8].
The LPS-stimulated macrophages up-regulate the expression
of iNOS, COX-2, and other inﬂammatory mediators, which ul-
timately results in uncontrolled production of NO and PGE2.
Since the acetone extracts from Acacia barks were shown to
have potent inhibitory activity against NO production in LPS-
stimulated cells, we performed quantitative RT-PCR to deter-
mine whether these extracts can suppressed the expression of
iNOS and COX-2 and TNF-a. In the anti-inﬂammatory
screening study, previous studies have suggested that many
phytochemicals can selectively inhibit the iNOS and COX-2
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transcription factor in the gene expression of iNOS and COX-2
in LPS-stimulated macrophage cell lines [33–35].
In the present study, the cells pre-treated with Acacia extracts
down-regulated the iNOS, COX-2 and TNF-a gene expression,
which was in agreement with the observed inhibition of NO
production. Further, the fresh aerial parts of A. ferruginea
possess immunomodulatory and tumor inhibitory activities by
regulating the inﬂammatory mediators such as TNF-a, iNOS,
COX-2, IL-1b, IL-6, and IL-2 [36]. Similarly, Acacia species
such as Acacia victoriae, and A. confusa signiﬁcantly
suppressed the expression of various inﬂammatory mediators
[30,37]. The results revealed that the inhibition of NO
production in LPS-stimulated RAW 264.7 cells by the acetone
extracts of Acacia barks is attributed to the suppression of iNOS,
COX-2 and TNF-a expression. The suppression of these mRNA
expressions is a promising chemotherapeutic strategy to prevent
the potentially harmful pro-inﬂammatory activity of macro-
phages. The results of the present study indicate that all the three
extracts effectively decreased the nitrite accumulation through
down-regulating the expression of these mRNA.
Components of plant origin from different chemical classes,
especially phenolic groups, have been demonstrated to have
anti-inﬂammatory activity. Ellagic acid is identiﬁed as an active
metabolite in strawberry that regulates LPS-induced inﬂamma-
tion [38]. Ellagic acid is the main condensed tannin present in the
extract of Moroccan Acacia mollissima bark [39]. Hydrolyzed
ethyl acetate fraction from the green pod of Acacia nilotica
contains higher level of ellagic acid [40]. Proanthocyanidin-rich
fractions from the wild blackberry showed the highest inhibi-
tion of iNOS expression [41]. Another important component,
rosmanol signiﬁcantly suppressed the expression of iNOS and
COX-2 by inhibiting the activation of nuclear factor kappa B
and signal transducer and activator of transcription-3 [42].
Together with these components, well known bioactive
components such as catechin and quercetin were also identiﬁed.
The presence of various phenolic components in the acetone
extracts of Acacia species may be attributed to the inhibitory
activity on NO production in LPS-stimulated RAW 264.6 cells
through the suppression of iNOS, COX-2 and TNF-a gene
expression. The results may support the use of phenolic com-
ponents towards the development of new anti-inﬂammatory
agents. Further, the present study leads to the isolation of
bioactive phenolic components from various Acacia species.
Acetone extracts from all the three Acacia species effectively
inhibited the production of NO and suppressed the expressions of
COX-2, iNOS and TNF-a in a concentration dependent manner.
The present study suggests a potential use of Acacia barks as a
source of anti-inﬂammatory agents by suppressing the expression
of pro-inﬂammatory mediators. Further studies are warranted in
relation to the mechanism of action and isolation of bioactive
components from the acetone extracts of these Acacia barks.
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